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EXPERIMENTAL
The early nutritional studies on fungi pathogenic to man were crude in that complex sub-
stances like human and animal hair and feathers (1), purified keratin from quills (2), and
hair extracted with ether were used (3). Probably Weidman and Spring (4) were the first
to employ chemically pure compounds to make media and they found that the carbohydrate
source of fungi did not appear to be critical. In fact, Mosher, Saunders, Kingery
and Williams (5) found that Trichophytoe interdigitale would grow to maturity in the ab-
sence of carbohydrates if the proper amino acids were present and that this organism could
metabolize all sugars except lactose.
The vitamin needs of the fungi are controversial. Thiamin was found to be necessary
for the growth of Trichophyton discoides by Robbins, McKinnon and Ma (6). Later Robbins
and Ma (7) found that thiamin, pyridoxine and 1-inositol did not affect the growth of Tn-
chophytoe mentagrophytes while Mosher et al (5) claimed that either pantothenic acid,
inositol, or thiamin was essential and if one of these was supplied, the organisms could
synthesize the others.
Inorganic salts have been a constituent of most mediums used for the culturing of fungi.
Peterson, Pruess, Gorcica and Green (5) used MgSO4, FeCl3, ZnSO4, KH2PO4, NH4NO3 and
orthophosphoric acid. Mosher et al(S) added to this list copper, manganese and calcium
salts. Steinberg (9) found that iron, zinc, calcium, manganese, magnesium, and calcium
were necessary for the utilization of amino acids and inorganic nitrogen by fungi.
The source of nitrogen for the nutrition of fungi was also studied by Weidman and Spring
(4) who found that Fairchild's peptones were acceptable, although not perfect, substitutes
for the French Chaissang peptone. Robbins and Ma (7) reported that casein hydrolysate,
peptone, egg albumin, cotton extract and Dr fraction (not defined by the authors) were all
good nitrogen sources and that inorganic nitrogen in the form of NH4NO3 was not utilized.
They found that a syothetic casein hydrolysate made from an appropriate mixture of amino
acids did not support growth like casein hydrolysate and that single amino acids, particu-
larly tyrosine, glutamic acid, isoleucine, leucine, phenylanine and arginine, supported
T. rneetagnophytes while tryptophane, threonine, hydroxyproline, cystine and methionine
seemed to inhibit its growth.
Mosher et al (5) found that the growth of T. interdigitale was not affected by the elimi-
nation of glycine, cystine, histidine, tryptophane, tyrosine, glutamic acid, methionine,
alanine, hydroxyproline and serine from the basal medium of salts, glucose and amino
acids. Isoleucine, valine andproline could he eliminated one at a time hut not two or three at
a time. Leucine seemed to be the most important amino acid with beta-hydroxy-alpha-
amino-butyric acid and aspartic next in importance. Benham (10) found asparagine in-
creased the yield of Pityrosponon ovate. Recently Archibald and Reiss (11) in a study of
thirteen species of fungi and yeast pathogenic to man found hydroxyproline, lysine, trypto-
phane, histidine and methionine supported growth poorly.
Since the amino acid requirements of Micros porum ,fuivum (also known as
Micros porum gypseum, Achorion gypscum or Micros porum flarescens) had not
been studied, it was felt advisable to determine its nutritional needs.
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To each 125.0 cc. Erlenmeyer flask* was added the following:
5/rn potassium acid phthalate buffer 10.0 cc.
10% dextrose solution 3.7 cc.
ehlorphenol red indicator 0.5 cc.
amino acid or acids (detail follows)
concentrated NaOH to bring the PH to 5.6
distilled water* to make 30.0 cc.
5% agar solutiont 30.0 cc.
One per cent aqueous solutions of eighteen amino acids were prepared with
concentrated HC1 being used to dissolve cystine which is insoluble in water and
all were stored at 4°C. The nineteen amino acids were leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophane, tyrosine, valine, alanine,
arginine, aspartic acid, isoleucine, histidine, cystine, glycine, hydroxyproline
and glutamic acid.
Experiment 1: Each amino acid was used as the sole source of nitrogen. Twenty-
one Erlenmeyer flasks were prepared in the manner described earlier. To one
flask was added 0.3 cc. of each of the stock solutions of the nineteen amino acids
and this formed a positive control. No amino acids were added to the second
flask which served as a negative control. Tnto each of the remaining nineteen
flasks was added 0.3 cc. of one of the 1% solutions of amino acids. The medium
in each flask was well mixed and divided equally among three 25 mm. x 150 mm.
clean test tubes which were then sterilized in water baths at 100°C. for fifteen
minute periods at 24 hour intervals. After the third heating, they were slanted
and allowed to cool. Inoculation was made by transferring a minute amount of
mycelium with conidia from n stock culture of Micros porum fuleum. The tubes
were kept at room temperature and exposed to light. Readings were made twice
a week of the surface growth.
This experiment was repeated six times and the results would indicate that
methionine, aspartic acid, glutamic acid and alanine are the most satisfactory
single amino acids for support of growth. No single acid supported growth like
the positive control nor did the growth with all nineteen acids equal that in which
casein hydrolysate was used. No growth occurred when hydroxyproline was used
alone. In the negative control the growth was very small indicating that the
effect of nutrients from the in oculnm and agar was negligible.
Experiment 2: One amino acid was omitted at a time from the total. Again 21
Erlenmeyer flasks were prepared with basic media and two of them were fixed so
that one served as a positive control and the other as a negative control. The
remaining nineteen flasks each contained 0.3 cc. of 1% solutions of eighteen of
* In order to remove all impurities and nitrogenous materials from the new glassware
used in the experiments, the glassware was cleaned by autoclaving in a solution of Triton
X-100 and rinsed three times with distilled water. The distilled water used in the proj-
ect contained less than one part per million of solid material including traces of Cu, Zn,
Pb, Al, NH,, NO, and CO,.
t The agar was washed using a modification of the method described by Ryan, Beadle and
Tatum (12) in which the agar after thorough washing in distilled water is soaked in 5%
pyridine solution for 24 hours and then rewashed in distilled water until no odor of pyridine
remains.
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the amino acids since one was omitted each time. The slanted tubes were pre-
pared, inoculated and growth recorded as it was in Experiment 1.
This experiment was also repeated six times and again methionine was found
to be an important growth promoter. Other amino acids which when omitted
decreased growth were alanine, aspartic acid, glycine, glutamic acid, isoleucine,
threonine, arginine, and histidine. These nine amino acids we considered an
"essential group" because when any one was omitted there was partial inhibition
of growth as compared with the control but none was so essential as to com-
pletely prevent growth when omitted. Leucine, phenylalanine, proline, trypto-
phane, tyrosine, valine and cystine were essential for normal initial growth. That
is, when any one of the seven was omitted, the fungus started growth much
slower. However, after a period of 10 to 14 days, the growth would be equal to
that seen with complete medium. The acids which on elimination created no
change in the rate of growth were lysine and serine with hydroxyproline seeming
to act as an inhibitor of growth because its removal made the growth more
luxuriant than it was in the positive control tube. When hydroxyproline was
added to Sabouraud's dextrose medium, no inhibition of growth was noted. The
reason for its failure to inhibit growth under these circumstances is unknown
to us.
Experiment 3: A single amino acid was omitted at a time from the "essential
group." Erlenmeyer flasks were prepared so that the positive control flask con-
tained 0.3 cc. of each of the nine stock solutions making up the "essential group"
of experiment 2, and each of the other flasks contained only eight of the acids with
one being omitted in turn. The growth on medium with the "essential group" of
amino acids was not equal to that seen with all nineteen, a complete medium.
Aspartic acid and methionine and glutamic acid seemed to be the most essential
of the "essential group." Since the so called "essential group" did not support
growth as well as all nineteen, we added to the group in turn leucine, phenyl-
alanine, proline, tryptophane, tyrosine, valinc and cystine. Of these tryptophane
when added to the "essential group" caused growth which most nearly duplicated
the growth on a complete medium.
Experiment 4: Potassium nitrate as a source of nitrogen. When potassium
nitrate was added to the stock medium in the Erlenmeyer flasks as a source of
nitrogen, growth took place only w-hen thiamin was added.
In summary, we feel that the amino acids fall into three categories depending
upon their ability to support the growth of M. fulvum. These groups are as
follows:
Essential for normal initial growth Non-rssential for growth Essential for growth
leucine lysine methionine
phenylalanine serine alanine
proline hydroxyproline arginine
tryptophane aspartic acid
tyrosine isoleucine
valine histidine
cystine threonine
glutamic acid
glycine
308 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
DISCUSSION
It would appear as though Micros porum fulvum does not require the minerals
which Mosher (5) found necessary for the growth of Trichophylon gypseum unless
the minute quantities of minerals in our distilled water (see analysis) were
sufficient. If so, the water lacked the potassium, manganese, iron, calcium, mag-
nesium, phosphates and sulfates considered important hy them. Though none
of the vitamins were added, growth occurred under most instances.
Since some of the amino acids seemed essential only for initial growth, it sug-
gested to us that Al. fulvum may synthesize some amino acids. It may he that
aspartic acid, methionine and glutamic acid may be three acids difficult to syn-
thesize by M. fulvum because their elimination consistently cansed poor growth.
Mosher (5) found aspartic acid important but not methionine or glutamic acid
in culturing T. interdiqitale. This and other observatious indicate that different
species of fungi have different nutritional requirements, a finding which may be
important in the treatment of fungous infections.
Hydroxyproline inhihited gro'vth of if. fulvum and it has been shown to in-
hibit the growth of other pathogenic fungi by Robbins and McVeigh (13) and
also by Archibald and Reiss (11). Proline acts by counteracting the inhibitory
action of hydroxyproline (13) and this may account for our failnre to show
that hydroxyproline inhibits the growth of Al. fulvum when added to Sahourand's
dextrose medium.
It has been reported (11) that either glutamic acid or arginine when used as
single amino acids cause abundant growth. Though we fonnd glntamic acid to
be a good growth promoter, it seemed as though tryptophane, which, although
it did not singly support good growth, enhanced growth when used with the
group of "essential" amino acids. Whether this and other observations in this
paper would hold for some 20 variants of Al. fulvum is difficult to state. Evidently
the substrate pigment formed by Al. fulvum in casein hydrolysate medium, used
by Johnson and Reedal (14), was not due to an amino acid or acids since no
substrate pigment formation was noted even though the same strain of fungus
was used.
SUMMARY
1. The amino acid requirements of Al. fulvum were studied.
2. In one experiment single amino acids were added to a basic medium to
determine the effect of each on the growth of Al. fulvum.
3. In another all nineteen amino acids were added to a basic medium with
one being eliminated at a time to see which acid was most essential.
4. ilydroxyproline inhibited the growth of Al. fulcuin.
5. Certain amino acids seemed to be essential for normal initial growth, others
were non-essential and some were essential for growth.
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DISCUSSION
DR. STEPHEN ROTEMAN: I wish to congratulate Dr. Johnson on this beautiful
piece of work. The fungistatic action of hydroxyproline has a most interesting
implication. ilydroxyproline is the only amino acid among the amino acids
occurring in cell proteins which is not present in keratin of human hair
(Beveridge, J. M. R. and Lucas, C. C., Biochem. J. 38: 95—97, 1944). Possibly
the absence of hydroxyproline from keratins is the basis for a reasonable ex-
planation why pathogenic hyphomycetcs are obligate parasites of keratinized
materials and do not enter living cells.
DR. FREDERICK REIS5: In the experience of Archibald and myself (Proc. N. Y.
Acad. Sei. 50: 1388, 1950) the best growth of the dermatophytes was observed
when the nutrient amino acid was either glutamine, arginine or glutamie acid.
However leucine, asparagine, proline and phenylalanine likewise appear capable
of acting as precursors for other amino acids. Even the simplest amino acid,
glycine, gives good growth with M. lanosum and moderately good growth with
M. fulvum, although very poor growth with M. audouini. The latter showed
hardly any growth on the sulfur containing amino acids (cysteine, methionine),
however moderate growth was seen on glutathione containing culture media.
DR. WILSON: I would like to ask Dr. Johnson and thosr others of you who
may have such material available to furnish me \vith cultu 'es of Micros porum
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fulvum. There is some argument as to whether this disorder in the human scalp
presents the fluorescence in exactly the same manner as do the other Microspora,
canis-lanosum and audouini. I would like to solve that to some extent by using
strains from cases in which this phenomenon of fluorescence has been noted for
animal experimentation.
DR. EUGENE S. BERE5TON: I would like to discuss Dr. Johnson's paper which
I enjoyed very much since I have been doing work along similar lines, not only
with M. fulvum but with M. audouini and lanosum and I have confirmed that
hydroxyproline not only seems to inhibit fulvum but there is no growth when
hydroxyproline is used alone in the media with audouini or lanosum. There
seems to be inhibition of growth with audouini, lanosum and fulvum when
hydroxyproline is present as sole source of protein.
I have also been using 21 amino acids; if all 21 amino acids includes hydroxy-
proline, just as Dr. Johnson pointed out, the growth with all three organisms is
not as good as in media where the hydroxyproline has been omitted from the
21 amino acids. So the hydroxyproline seems to inhibit the growth of all three
of the microspora—audouini, lanosum and fulvum.
In discussing the amino acids which seem to be essential and also those that
seem to give the best growth for fulvum, I found that those which Dr. Johnson
mentioned agree with my findings but I also found that several other amino
acids seem to be good stimulators of growth for fulvum. One of them was valine
and another betn-alinine.
Dn. JoHNsoN (closing discussion): As usual, Dr. Rothman has mentioned
something that I did not know, namely that hydroxyproline has not been found
in the keratin of hair. This might explain some of the differences between fungous
infection of the hair and the glaborous skin.
Drs. Archibald and Reiss have recently published a paper dealing with the
amino acid requirements of some thirteen fungi, and in their paper they stated
that another report regarding other observations was in progress. Unfortunately
this latter paper was not available for us to compare results.
The Microsporum fulvum that was used for this experiment was obtained
from the New York Skin and Cancer Clinic some nine years ago. Probably Dr.
Sulzberger can tell Dr. Wilson whether it ever fluoresced.
I thank the discussors for their comments and questions.
